patients, that is, those with the initial cardiac index higher than 3.0 liters/min/m2, we observed characteristic hmodynamics with lowered vascular resistance, higher cardiac output and hypotension.
The anomalous vascular resistance began to return to normal approximately 48 hr after operation.
In three cases pulmonary complication developed at this time and therefore pulmonary artery pressure and/or pulmonary wedge pressure exceeded the normal range. In these cases treatment was aimed at lowering the pulmonary pressure. Pulmonary complication was improved when these pressures returned within normal range. In the seven low flow patients, that is, those with cardiac index lower than 2.9 liters/min/m2, we observed decreased cardiac index with increased systemic and pulmonary vascular resistance. In these cases pulmonary complication appeared to develop by increased permeability of the pulmonary capillary wall. Elevated pulmonary artery pressure might accelerate the progress of the complica tion. Monitoring and controlling pulmonary artery pressure and pulmonary wedge pressure were effective in prevention and treatment of pulmonary complication in this group. sepsis; pulmonary complication; hemo dynamics; septic shock
With the use of a flow directed balloon catheter devised by Swan et al. (1970) , right cardiac catheterization can be easily undertaken at the patients' bedside without fluoroscopy, and serial information is available with repeated measurement by indwelling the catheter for several days (Branthwaite and Bradley 1968; James and Myers 1972; German et al. 1973; Archer and Cobb 1974) . Because hemodynamic disorder may be frequently observed in a patient with severe infec tion, in the care of the septic patient a continuous record of hemodynamic measurement may help to identify the type of hemodynamic disorder, define the relationship with its pulmonary complication and measure the efficacy of therapy. The purpose of this paper is to classify the hemodynamic change in sepsis and to find the effective means for prophylaxis and treatment of pulmonary complication.
MATERIALS AND METHODS

Clinical materials.
Hemodynamic measurements were made in a total of 184 patients from our Surgical Department.
Studies were conducted on ten control subjects who had minor operations and had no complications in their postoperative courses.
Studies were made on additional eighteen patients who were in sepsis. These eighteen patients with sepsis were further divided into two groups according to their initial cardiac index determination: (1) high flow, initial cardiac index greater than 3.0 liters/min/M2, eleven cases, and (2) low flow, initial cardiac index less than 2.9 liters/min/m2, seven cases. Hemodynamogram -expression of hemodynamic disorder.
The hemodynamie values measured or calculated in the control group at the preoperative period were regarded as normal controls. All other values were expressed as percentages with respect to the control value. The twelve hemodynamic factors which were measured or calculated at the same time were plotted on the radially arranged lines. The figure showed the special hemodynamic picture at the particular time and helped to clarify and interpret what had been occurring.
We referred to it as a hemodynamogram. Control group, immediately after operation.
RESULTS
Control group
Clinical observations. Hemodynamics. The hemodynamic data for this group are presented in Table  2 . The hemodynamogram obtained immediately after the operation showed that CI, PAP, PWP and RAP were decreased slightly , and TPR was increased slightly, suggesting the patients were hypovolemic (Fig. 1) . The shape of the hemodyna mogram 48 hr after the operation was almost a circle. This revealed that the patients had recovered from the hypovolemic condition produced by surgery within 48 hr ( Fig. 2 ).
High flow group
Clinical observations. The clinical observations of the eleven cases are shown in pulmonary wedge pressure. Pulmonary complication was improved when these pressures had recovered within normal range. The course of a typical case is presented in Fig. 6 . This 70-year-old man was transferred with a 6 hr history of perforation of gastric ulcer. He was hypotensive when he was admitted. Infusion of 1200 ml of lactated Ringer's solution and transfusion of 1200 ml of blood restored systemic blood pressure to 130/70 mmHg, accompanied by cardiac index of 3. 
Low flow group
Clinical observations. The clinical observations of the seven cases of the low flow group are shown in Table 5 . The underlying disease was acute peritonitis in all cases. Malignant neoplasmas, leukemia, lymphosarcoma and carcinoma, were observed in four cases. Two of them had been treated by radiation and/or anticancer chemotherapy. All were hypotensive at admission. Though the patients had received an average of 400 ml of blood and 1300 ml of electrolyte solution, hypotension had continued until surgery in all cases except one. During the operation, there was an average transfusion of 1000 ml of blood and infusion of 1400 ml of fluid. Three patients could not withstand circulatory failure and died within 24 hr. Pulmonary complication was developed in three cases. Two of them expired. Ultimately only two patients could withstand septic shock.
Hernodyna7nics. Table 6 presents hemodynamic changes before and after the operation in the low flow group. Hemodynamogram before the operation is shown in Fig. 7 . CI, RW, LW, RVSW, LVSW, MAP, PAP, PWP and PRA were lower than normal, while TPR, PAR and PR were higher than normal . The shape of the hemodynamogram taken immediately after the operation (Fig. 8 ) was similar to that before the operation. It showed that low cardiac performance and high vascular resistance had been continued. PAP, PWP and RAP immediately after the operation were higher than those before the operation . The hemodyna- mogram 48 hr after the operation is shown in Fig. 9 than in an augmentation of CI and in improvement of chest X-ray findings. The shadow on the chest X-ray and respiratory disturbance were aggravated progressively. They expired ultimately. In the other case, CI and PAP were increased in response to volume expansion, however, rales were audible when mean PAP exceeded 20 mmHg. It disappeared when PAP returned below 20 mmHg by restriction of infusion and administration of steroid and diuretica (Fig. 10) . This 69-year-old woman was admitted with a peritonitis due to perforation of gallbladder. A cholecystostomy and drainage were performed. Before and during the operation a total of 1700 ml of water was infused and 200 ml of blood was transfused. CI measured immediately after operation was 1 .9 liters/min/m2 with blood pressure of 105/70 mmHg. A respirator supported her respiration through a nasal tube, P02 was 89 nunHg, in Fi02 40%. Approximately 680 ml of balanced saline and 400 nil of blood had been infused within 3 hr after the operation. Rales were audible on her chest. As rapid elevation of PAP , PWP and RAP were detected, infusion was restricted and diuretica was administered . Motsay et al. 1970; Halmagyi 1974) . Consequently, care of the septic patient requires collection of hemo dynamic data at repeated intervals and analysis of the data rapidly in order to determine the direction of treatment and to assess the effect of the therapy. The Swan-Ganz catheter and the hemodynamogram seem to be helpful for these pur poses. The hemodynamogram devised in our Clinic is especially useful in inter preting the hemodynamic conditions quickly and accurately at a glance.
It is reported that there are two types of hemodynamic states in sepsis; the high flow state and the low flow state (Siegal et al. 1967; MacLean et al. 1967; Wilson et al. 1971 ). In the high flow state the cardiac index may be kept within normal or higher levels, and peripheral resistance may be calculated lower than normal in spite of hypotension. The hemodynamic disorder of systemic circulation measured in our high flow group at the preoperative period was identical with that of the high flow state of sepsis as other authors had already mentioned (Wilson et On the pulmonary circulation, our measurement showed increased pulmonary blood flow, decreased pulmonary arteriolar resistance and decreased pulmonary artery pressure. In other words, the high flow with a low resistance and a low pressure was characteristic at this period. Few studies have been reported on hemodynamic change of pulmonary circulation in the high flow state and little is known about it. Our hemodynamic observation suggested that the characteristic hemodynamic disorder of pulmonary circulation was identical in nature to that of systemic or that the same disorder might develop in both systemic and pulmonary circulation systems. Thal and Sardesai (1965) and Hermreck and Thal (1969) have reported that the high flow state might be produced by vasoactive substances which were released from the septic area. This resulted in not only the fall in total peripheral vascular resistance but also the change in distribution of cardiac output (Thal et al. 1976) . Under the stress of severe vasodilatation the heart may come under strong sympathetic stimulation and must pump more blood to maintain blood pressure. Our clinical observation showed that the patient with the high flow state had been infused with a larger amount of fluid than the measured loss of fluid before and during the operation. In other words, circulation is sustained by excessively expanded circulating blood volume in the high flow state where circula tion is on the brink of collapse. From these considerations it is easily suspected that, when anomalous vascular resistance returns to normal, overhydration may be manifest in turn, and subsequently pulmonary edema or pulmonary edema-like symptoms may develop especially when left cardiac reserve is marginal.
In cases of the high flow group, pulmonary complication developed in three cases. In these patients it seems likely that the state of overhydration might play a major role in the development of the complication, because pulmonary artery pressure and pulmonary wedge pressure had risen at the onset of the episodes, and lowering of them by restriction of infusion and injection of diuretica improved the complication. These experiences have suggested that the patients should be cared for with repeated monitoring of pulmonary artery pressure and pulmonary wedge pressure, and that their fluid balance should be carefully controlled by maintaining mean pulmonary artery pressure below 20 mmHg and mean pulmonary wedge pressure below 10 mmHg.
In our cases there was a large difference between the high flow and the low flow group in prognosis and hemodynamics. The mortality rate of the low flow patients, with initial cardiac index less than 2.9 liters/min/m2, was 57%, while that of the high flow was 9%. Thai (1971) has pointed out that the prognosis in septic shock is significantly related to the initial cardiac determination . According to his experience the mortality rate for patients with an initial cardiac index less than 2.5 liters/min/m2 was 75% , whereas that for patients with an initial cardiac index greater than 2.5 liters/min/m2 was only 15% .
As the results obtained from the low flow group showed , a steady fall of the cardiac index in the presence of considerable rise of vascular resistance was characteristic. This would lead one to suspect the existence of myocardial failure and/or hypovolemia as Carey (1967) reported. Under depressed cardiac performance systemic blood pressure was sustained with elevated total peripheral vascular resistance. Pulmonary artery pressure was also maintained by extremely elevated vascular resistance under limited pulmonary blood flow . Diminished ventricular work led to general circulatory failure or pulmonary damage .
In the low flow group pulmonary complication was observed in three cases . Two of the three showed so called shock lung , or adult respiratory distress syndrome, where the shadow of the patient's chest X-ray spread progressively . Th e volume expansion resulted in elevation of atrial pressure rather than in augmentation of ventricular stroke work , indicating that the heart was already on the flat portion of Starling's curve . These patients expired ultimately . In one case of recovery from pulmonary complication , correlation between the elevation of pulmonary artery pressure and the occurrence of symptoms was observed . A ugmentation of cardiac output produced by rapid volume expansion res ulted in the rise of pulmonary artery pressure , which led to an episode of rales on the chest .
The lowering of pulmonary artery pressure improved the chest findings. There may be many causes for the pulmonary complication in sepsis; however, increased interstitial and interalveolar fluids in septic patient's lung are most likely accounted for by an increased permeability of the pulmonary capillary wall (McLean et al. 1968; Clowes 1974; Clowes et al. 1975) . Hydrostatic pressure across the pulmonary capillary wall, however, is thought to play a major role in accumulation of fluid into the air way. Therefore the attempt to reduce the pulmonary artery pressure or the pulmonary wedge pressure is considered to prevent aggravation or initiation of pulmonary complication under this abnormally increased permeability. From these experiences, it is thought that in careing for the low flow patients volume expansion should be attempted immediately, followed by augmentation of cardiac output by administration of inotropic drugs. Because of possible increase in permeability of the capillary wall, control of pulmonary artery pressure, approximately below 20 mmHg, and pulmonary wedge pressure, approximately below 10 mmHg, may be effective in preventing pulmonary complication.
